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Abstract

Background: Oxidative status can be altered in cancer.

Objective: To evaluate the role of oxidative stress as plasma biomarker able to predict sepsis severity in onco-
haematological patients experiencing infections after chemotherapy.

Methods: Spectrophotometric measurement of Reactive oxigen metabolites (ROMs) levels and Total antioxidant
capacity (TAC) in 15 patients prospectively enrolled and 52 healthy volunteers.

Results: ROMs baseline values were higher in patients and raised during fever. Severe sepsis was associated
with the highest degree of ROMs increase. TAC levels were always low, both at baseline and during infection.

Conclusions: Our results confirm oxidative status derangement during post-chemotherapy infections. ROMs
concentrations could represent an easily detectable biomarker correlated with sepsis severity in post-chemotherapy
neutropenia.

Keywords: Oxidative stress; Haematologic malignancies; Sepsis;
Chemotherapy

Introduction
Haematological cancers and infections can be associated to

alteration of oxidative status [1,2], that is defined as the balance
between Reactive Oxygen Metabolites (ROMs) and Total Antioxidant
Capacity (TAC) production. High-dose chemotherapy and
haematopoietic stem cell transplantation (HSCT), employed for
haematological malignancies, and contributes to ROS release [1]. The
generation of reactive oxygen species appear to be the final mechanism
in the activity of anticancer drugs, and is associated with a systemic
oxidative stress [3,4], that may be involved in the genesis of organ
damage, as is in the case of anthracycline cardio toxicity [5].

The available data on oxidative status in haematological patients
consist on limited series lacking sequential evaluation during disease-
related events [1,6]. Sepsis, which is a leading cause of death in
critically ill patients, is a complex inflammatory syndrome with a wide
spectrum of severity. It is defined as infection associated with a
systemic inflammatory response syndrome (SIRS) characterised by the
presence of two or more of these conditions: body temperature
>38.3°C or <36°C, heart rate >90 beats/min or PaCO2 <32 mmHg,
white blood cell count >12 × 109/L or <4 × 109/L. Severe sepsis occurs
when organ dysfunction is associated. Multiple organ dysfunction

syndrome (MODS) is defined as the simultaneous impairment of at
least two organ systems. Septic shock is defined in adults as persisting
hypotension despite adequate volume resuscitation [3].

The prevalent hypothesis regarding the mechanisms of sepsis and
septic shock indicates that this complex condition is caused by an
excessive defensive and inflammatory response to pathogens,
characterised by massive increases in reactive oxygen species (ROMs),
nitric oxide (NO) and inflammatory cytokines. The consequences of
these events are systemic damage to the vascular endothelium, tissue
hypooxygenation, glutathione depletion and mitochondrial respiratory
dysfunction, with diminished levels of ATP and O2 consumption. This
sequence of events, that leads to multi-organ failure and death, were
extensively described during the final phase of septic shock [2,7-11].

Sepsis diagnosis and evaluation of its severity is complicated by the
highly variable and non-specific nature of the signs and symptoms of
this syndrome. However, the early diagnosis and stratification of the
severity of sepsis is very important, increasing the possibility of
starting timely and specific treatment. Biomarkers may have an
important place in this process, because they may predict sepsis
severity and can differentiate bacterial from viral and fungal infections,
and systemic sepsis from local infection. Many biomarkers have been
evaluated for use in sepsis. Most of them had been tested clinically,
primarily as prognostic markers; relatively few have been used for
diagnosis [12,13]. The leading cause of treatment-related mortality
among patients with hematological malignancies undergoing
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chemotherapy is sepsis and multi-organ failure due to systemic
infection during neutropenia. Most neutropenic patients with
infections present with fever as the first and in many cases the only
symptom. In addition, clinical signs may be unspecific and fever may
due also to other causes. Microbiological diagnostic tests are not
sufficiently rapid, sensitive or specific to identify the microbial causes
of fever. For this reason many marker of infection have been searched
for a rapid identification of an infectious event. For example,
procalcitonin (PCT) has become popular as novel infection marker.
The use of this analyte in onco-hematological patients has provided
controversial results and no agreement exists about its capacity to
differentiate infective fever from other inflammatory processes such as
mucositis or graft versus host disease (GVHD) [14-16]. In this pilot
study we investigated the oxidative status of haematological patients
and correlated it with diagnosis, therapies and septic complications
during the post-chemotherapy neutropenic phase.

Methods
ROMs levels and TAC were prospectively measured in 15

haematological patients (8M/7F, aged 25-65, median age 53), and
compared with ROMs levels and TAC measured in 52 age-matched
healthy controls (34 males, 18 females, aged 26-84 years, median age 50
years). The patients were treated with haemopoietic stem cell
transplantation (HSCT; N=10, 6 autologus transplants, 4 allogeneic
transplants), or high-dose chemotherapy (N=5) according to each
patient’s disease and clinical needs (Table 1).

Blood samples were collected on admission, before, during and after
chemo/radiotherapy (days 0,+3,+6,+14,+21) and then once weekly
until discharge. In case of infections, blood samples were collected
every three days until clinical resolution.

Patients receiving haemopoietic stem cell transplantation

Pt Age/sex Diagnosis Transplantation type Conditioning regimen

1 60/F MM IgAk Autolougus Melphalan 200 mg/mq

2 53/F Mantle cell lymphoma Autolougus Melphalan 200 mg/mq

3 65/F MM IgG lambda Autolougus Melphalan 200 mg/mq

4 50/M MM IgG lambda Autolougus Melphalan 200 mg/mq

5 61/M ALL Ph'+ Autolougus Etoposide 75 mg/mq + 6-mercaptopurine 150 mg/mq

6 62/F MM IgAk Autolougus Melphalan 200 mg/mq

7 34/M AML Allogeneic Cyclophosphamide + TBI 1200 cGy

8 25/F ALL Allogeneic Cyclophosphamide + Thiotepa

9 46/M Mycosis Fungoides RIC allogeneic Pentostatin + TBI 2 Gy

10 46/M Mycosis Fungoides RIC allogeneic Pentostatin + TBI 2 Gy

Patients receiving chemotherapy

Pt Age/sex Diagnosis Treatment

11 59/F B-CLL Chlorambucil + FCR

12 54/M AML “MICE” scheme

13 25/F ALL “McMaster” scheme

14 59/M AML “FLANG” scheme

15 48/M ALL “SPLIT” scheme

MM: Multiple Myeloma; AML: Acute Myeloid Leukemia; ALL: Acute Lymphoblastic Leukemia; B-CLL: B-Chronic Lymphocitic Leukemia; TBI: Total Body Irradiation;
MICE: Mitoxantrone-Idarubicin-Cytarabine-Etoposide; FLANG: Fludarabine-Cytarabine-Mitoxantrone; SPLIT: Idarubicin-Cytarabine-Vincristine-Prednisone; RIC:
Reduced Intensity Conditioning; FCR: Fludarabine-Cyclophosphamide-Rituximab

Table 1: Patient’s characteristics and therapies received.

Serum ROMs concentrations were measured by a
spectrophotometric method using a commercial kit (dROMs test,
Diacron International, Grosseto, Italy) on F.R.E.E. analyzer (Diacron)
as previously described [17]. Serum TAC was measured by a
spectrophotometric method using a commercial kit (OXY-Adsorbent
test, Diacron International) on F.R.E.E. analyzer (Diacron
International) as previously described [17].

Bacteraemia was defined by at least one positive blood culture.

Neutropenic fever (NF) was defined as a temperature of ≥38.3°C on
several occasions in a patient whose neutrophil count is <500 /µL or is
expected to fall to that level in 1-2 days.

Sepsis was defined as the presence of infection associated with a
SIRS.
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We considered ROMs and TAC basal values, the maximum value
reached during the clinical event, the difference (Δ−Delta) between the
value before the clinical event and the maximum value reached during
the event and the values measured on days +3, +6, +14 and at
discharge. The ROMs levels and TAC were compared with those of 52
healthy controls. The ROMs diagnostic relevance was tested for the
(NF), bacteraemia and sepsis.

Sensibility and specificity levels have been recorded in a curve
(ROC-Receiver-Operator Characteristic curve) according to their
different values in order to identify the best cut-off level which can
optimise both specificity and sensibility. Patients were initially divided
into three groups according to therapy (autologus transplantation,
allogeneic transplantation or conventional chemotherapy group) in
order to assess whether there were significant differences between the
values of ROMS and TAC in the three groups caused by different
underlying disease and previous treatments.

In the first phase we compared the baseline values of each patient
with the extreme value (maximum in case of ROMs and minimum
value in case of TAC) recorded during the clinical event in the same
patient, with the aim of assessing whether the absolute value of the
analyte was a reliable indicator of ongoing inflammatory event.

We also evaluated ROMs and TAC variations during the course of
the clinical event, comparing the value recorded before its onset with
the maximum value reached during the same event. We compared the
mean differences between the maximum value reached during fever,
bacteraemia and sepsis and the baseline value before the clinical event,
in order to asses whether it was possible to predict severity of the
clinical events on the basis of the levels of analyte increase.

Results
Globally, 18 infectious complications were evaluated: 6 cases of

bacteraemia, 6 of sepsis and 6 of (NF).

At baseline, ROMs levels and TAC did not differ subdividing
patients on the basis of diagnosis. By comparing patient and healthy
volunteers we showed that patients’ baseline ROMs levels and TAC
were significantly higher (385 vs 270 UCarr) and lower (280 vs 391
μmolHClO/ml) respectively (p<0.001, Mann-Whitney U-Test) than
healthy controls’ (Figure 1).

We did not show any statistically significant difference comparing
ROMs and TAC values at base-line and at subsequent time points on
days +3, +6, + 14 (p=ns) and at discharge (p=ns) in patient receiving
different treatments (chemotherapy alone, autologous or allogeneic
transplantation).

Maximal ROMs values (M-ROMs) registered during sepsis were
significantly higher than basal values (p<0.05, Wilcoxon Test), while
during bacteraemia and NF, M-ROMs did not differ from basal values
(p=ns).

Δ-ROMs values were significantly higher during sepsis than during
bacteraemia and NF (p<0.05 and p<0.01 Mann Whitney U-test,
respectively) (Table 2).

ROMs predictive ability as a marker of sepsis was verified by
analysing the ROC curve. Setting a cut-off value of 364 Ucarr, the area
under the curve was 0.769 when ROMs was used to discriminate sepsis
(sensitivity 88.2%; specificity 59.4%) (Figure 2).

When comparing TAC minimal values registered during a clinical
event and TAC basal values, no significant differences were found
between the two antioxidant capacities either in NF, bacteraemia or
sepsis cases.

Figure 1: Basal M-ROMs (a) and m-TAC (b) levels depicted as
boxplots of hematological patients (Cases) and healthy controls
(Controls). Each box-plot depicts the median (middle line), the
values from the upper to lower quartiles (central box) and the
upper/lower quartile ± 1.5 × interquartile range (horizontal lines) of
one category. Outliers (i.e. values outside these borders) are
depicted as circles p<0.001.

Infective Episodes Tot median Maximal ROMs concentration

UCarr

(range)

median Δ-ROMs

UCarr

(range)

median minimum TAC concentration

μmol HClO/mL (range)

median d-TAC

μmolHClO/mL

(range)

NF 6 453 66 245 -14

(342-622) (21-116) (218-283) (0-37)

Bacteraemia 6 403 48 276 -21

(309-514) (9-68) (205-369) (0-41)

Sepsis 6 542* 136§° 307 -31
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(390-704) (68-234) (251 - 383) (0-50)

*p<0.05 vs baseline (Wilcoxon’s test); §p<0.05 vs FUO and °p<0.01 vs bacteraemia (Man-Whitney U-Test).

Table 2: ROMs and TAC levels.

Figure 2: ROC curve of ROMs.

Discussion and Conclusions
This pilot study showed that our haematological patients had an

impaired oxidative status due to high ROMs levels and low TAC.

Chemotherapy and haematopoietic stem cell transplantation
(HSCT) are effective therapies for hematological tumours. Most
malignancies are associated with an excess production of oxidative
stress. Mazor et al. assessed the antioxidant levels in plasma of seven
children affected by acute lymphoblastic leukemia (ALL) and
compared the results with those obtained in six children treated for
different solid tumors and lymphomas, showing that the higher
oxidative stress of children with ALL is associated with the therapeutic
protocol used to treat this malignancy which is more aggressive than
that used for solid tumors [18-20].

Febrile neutropenia in patients with haematologic malignancies
undergoing chemotherapy, is characterized by an increased
susceptibility to infectious complications, and a higher risk of septic
shock with a relevant mortality rate. Furthermore most neutropenic
patients with infection present fever as the first symptom and the
clinical course of neutropenic fever is extremely heterogeneous,
ranging from severe sepsis and septic shock to mild diseases. Although
methods for predicting the development of severe NF could help to
reduce treatment-related mortality, early markers capable to predict its
outcome have not yet been established.

Many analytical parameters are under investigation in this setting.
For example, procalcitonin (PCT) has become popular as novel
infection marker. Its use in onco-haematological patients has provided
controversial results and no agreement exists about its capacity to
differentiate infective fever from other inflammatory processes such as

mucositis or graft versus host disease (GVHD) [14-16]. Furthermore
the peak value of PCT, like the peak value of C-Reactive Protein, is
often reached days after the onset of NF.

It has been already shown that plasma red-ox status correlates to
severity scores in critically ill patients in intensive care unit [21-23].
Several researchers have also reported that ROS increases in severe
sepsis both in patients and animal models, compared with non-critical
sepsis or controls, respectively. However, the kinetics of ROS and
antioxidants in neutropoenic patients remain unclear, especially in
patients with NF [24-26].

In 2010 Nishikawa et al. investigated the association between ROMs
levels and the severity of NF in a small series of pediatric onco-
haematologic patients, showing that levels of ROMs in NF patients
with SIRS were significantly lower than those in subjects without SIRS
and they concluded that low ROMs level at fever onset is associated
with severe clinical features [27].

On the contrary, in our series, at the moment of first oxidative status
assessment, patients had been pretreated with heterogeneous
chemotherapeutic regimens, and showed significantly higher ROMs
levels and lower antioxidant capacity in comparison to healthy
controls. Furthermore, the patient’s impaired oxidative status did not
improve after the end of therapy, suggesting a state of chronic oxidative
stress, to which both the underlying disease and the treatments
received, might have contributed.

In case of infectious event during the neutropenic period after
chemotherapy, our cases showed a further increase in ROMs level
compared to baseline, coupled with the persistence of an impaired low
antioxidant capacity, as measured by TAC. In particular we noted that
only in case of subsequent development of sepsis there was a
significant elevation of ROMs levels, suggesting that their serial
measurements (easily detectable in serum) could be a useful biomarker
of severity infection in neutropenic onco-hermatological patient.

It is well known that the allmark of sepsis is a dysregulated
inflammatory response, characterized by massive cytokine release,
oxidative stress and mitochondrial disfunction. During sepsis and
septic shock, antioxidant defenses are overwhelmed, and ROMs cause
cellular damage, contributing to organ dysfunction. Our patients
showed a constantly low antioxidant capacity when compared with
healthy people, indicating a major susceptibility of oxidative-induced
organ damage during an infectious event. Studies on animal models
have demonstrated that antioxidant therapies, in particular those
acting preferentially in mitochondria, reduce mitochondrial damage
and organ dysfunction and decrease inflammatory responses in a rat
model of acute sepsis [28].

In conclusion, the observations of our pilot study, as well as
providing a valuable marker of inflammation, complementary to those
routinely used, could represent the biological basis for antioxidant
support therapy during a septic episode in neutropenic patient.
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